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MATERIALS AND METHODS
Peromyscus in this study were trapped deep in deciduous forests, a preferred habitat for P. 140 leucopus, while P. maniculatus prefer more open terrain and/or coniferous forest, strongly 141 suggesting the captured Peromyscus were P. leucopus (Robert Seabloom, personal 142 communication; 35) . Peromyscus spp. and M. gapperi were euthanized with isoflurane, 143 necropsied, and hearts immediately inoculated into modified Barbour-Stoenner-Kelly (BSK-II) 144 medium containing 6% rabbit serum and 50 μg/mL rifampin (36). Surgical tools were sterilized 145 with 95-99% ethanol prior to each necropsy to prevent possible cross-contamination between 146 animals. Three days later, uncontaminated cultures were blind passed into modified BSK-II with 147 6% rabbit serum without rifampin, incubated for three additional days, then examined for 148 spirochetes via dark field microscopy. 149 150 Amplification and sequencing of ospA, ospC, flaB, 16S, 16S-ile tRNA IGS, and p66. ospA, 151 ospC, p66, and the 16S-ile tRNA IGS were obtained using amplification conditions previously 152 described (37), except the annealing temperature was adjusted to 48 o C (see Table 1 inspected then the forward (coding) and reverse (template) strand sequences were aligned to 157 obtain a double-stranded consensus sequence. 16S sequences were queried using the 158 Ribosomal Database Project's Sequence Match (Seqmatch) program (38) and the Nucleotide 159
Collection (nr/nt) BLAST database (blast.ncbi.nlm.nih.gov) to obtain genus and species 160 identifications. flaB, ospA, ospC, p66, and the IGS region nucleotide sequences were queried 161 using BLAST. 162 163 NCBI nuccore and BLAST database searches. Sequences were obtained by searching the 164 NCBI nuccore database (www.ncbi.nlm.nih.gov/nuccore) using the following terms: Borrelia + 165 p66; Borrelia + ospC; Borrelia + "outer surface protein C;" Borrelia + ospA; Borrelia + "outer 166 surface protein A;" Borrelia + "intergenic spacer region;" Borrelia + IGS; Borrelia + 16S + 23S + 167 IGS; Borrelia + 16S + 23S + "intergenic spacer region." A search was performed in the non-168 redundant protein sequence (nr) BLAST database using the complete B. burgdorferi B31 protein 169
Alignments and phylogeny. Sequences for ospA, ospC, p66, and the IGS regions from 173 eastern North Dakota isolates were aligned along with BLAST and NCBI database sequences in 174 ClustalW2 (www.ebi.ac.uk/Tools/msa/clustalw2/). The shaded alignment was generated using 175
BoxShade (ExPASy, www.ch.embnet.org/software/BOX_form.html). Duplicate sequences 176 (identified as the same species and found to be 100% identical) were represented in the 177 analyses by a single sequence. Sequences obtained from BLAST were included in analyses if 178 the query coverage was greater than 90%. Obtained sequences were manually trimmed to 179 conserved regions aligning to the shortest sequence obtained for the eastern North Dakota 180
isolates. Trimmed sequences meeting the above criteria were then used in phylogenetic 181
analyses. For OspA and OspC, a subset of sequences from each clade was chosen to create 182 representative phylogenetic trees. Final phylogenetic analyses for OspA, OspC, and p66 were 183 performed using the PHYLIP programs SeqBoot, Proml, and Consense (Version 3.695, 184 http://evolution.genetics.washington.edu/phylip/). Briefly, sequence files were put into SeqBoot 185 and analyzed with1000 bootstrap replicates. The SeqBoot output file was analyzed in Proml 186 using the Jones-Taylor-Thornton model with multiple data sets, slower analysis, a random 187 number seed of 9, data sets jumbled 5 times, and an outgroup root when appropriate. The 188 resulting file was input into Consense to obtain a single consensus tree using the majority rule 189 (extended) consensus type and treated as rooted when appropriate. DNA trees were created 190 using Dnaml in PHYLIP. Trees were visualized using FigTree (Version 1.4, 191 http://tree.bio.edu.ac.uk/software/figtree) and labeled using Adobe Illustrator CS3 (San Jose, 192 California collected, and placed in a humidified chamber until they molted to nymphs. Mice were 231 euthanized twenty-four hours after all I. scapularis detached (i.e., day 8). One tibiotarsal joint, 232 ear pinnae, and the heart were collected for qPCR analysis. The second tibiotarsal joint and ear 233 pinnae were cultured in BSK-II medium with 6% rabbit serum and 50 μg/mL rifampin, blind 234 passed, and examined by dark field microscopy as described above. After molting, 235 approximately 15 infected nymphal I. scapularis were placed on 6 naïve female 4-6 week old 236 BALB/c mice. Engorged I. scapularis, mouse tissues, and cultures were treated as described 237 columns, and centrifuged for 1 min at 8000 rpm. Buffer AW1 (500 μL) was added and 273 centrifuged for 1 min at 8000 rom. Buffer AW2 (500 μL) was then added and centrifuged at 274 14000 rpm for 3 min. DNA was eluted from the spin column with 100 μL nuclease-free water 275 twice. PCR was performed using primers for I. scapularis 16S, B. burgdorferi 16S, and B. 276 burgdorferi flaB (Table 1) populations were present in eastern North Dakota, an infection and transmission study was 344 performed using B. burgdorferi M3. M3 was the only sample obtained from M. gapperi, whose 345 reservoir status is unknown. Further, the OspC data suggested M3 was a clonal population 346 belonging to the infectious B group. An ELISA of pre-and post-infection sera from mice 347 subcutaneously injected with 10 6 B. burgdorferi M3/mL showed increased anti-Borrelia 348 antibodies 2-weeks post-injection (Table 5 ). Tibiotarsal joints and ear pinnae were culture-349 positive, except for one mouse where culture data were unavailable due to contamination. B. 350 burgdorferi flaB was detected in molted nymphs fed on five of the six needle-injected mice 351 (Table 5 ). Neither B. burgdorferi 16S nor flaB could be positively identified in molted nymphs fed 352 on mouse 6. B. burgdorferi recA was detected in one of three hearts, six of six tibiotarsal joints, 353 and three of six ear pinnae (Table 6 ). The mouse nidogen gene, nid1, was detected in all 354 tissues (Table 6 ). These data demonstrate B. burgdorferi M3 is infectious to mice, able to 355 disseminate to multiple tissues, and capable of being acquired by I. scapularis during a blood 356 meal. 357
358
B. burgdorferi M3 survives the I. scapularis larval molt and is subsequently transmitted 359
to naïve BALB/c mice during a blood meal. To determine whether B. burgdorferi M3 was 360 transtadially maintained during the I. scapularis larval molt and capable of transmission to naïve 361 mice, I. scapularis nymphs were fed on naïve BALB/c mice. Infection was confirmed by ELISA, 362 which showed an increase in absorbance post-feeding ( (3, 6, 7, 44, 45) 
]). 379
The data presented here demonstrate the spirochetes isolated in eastern North Dakota 380 and MLST data together suggest that in addition to small-scale random mutation events, large-407 scale mutation events also occurred with OspC. The sequence analyses, taken as a whole, 408 suggest a regional population structure larger and more complex than was captured by the five 409 samples partially characterized here. 410
The results of the infection study show B. burgdorferi M3 is infectious through both an 411 artificial and natural route of infection. B. burgdorferi M3 is capable of disseminating from the 412 site of inoculation to the heart, tibiotarsal joint, and ear pinnae indicating it is highly infectious 413 (46). The ability to disseminate is not surprising since B. burgdorferi M3 belongs to the ospC 414 group B, a group associated with disseminated disease in humans (21, 26, 27) . 415
In the US, Lyme disease remains a significant public health issue. 
